Investigations of the fine-scale structure in the compact nucleus of the radio source 3C 84 in NGC 1275 (New General Catalogue number) are reported. Structural monitoring observations beginning as early as 1976, and continuing to the present, revealed subluminal motions in a jet-like relatively diffuse region extending away from a flatspectrum core. A counterjet feature was discovered in 1993, and very recent nearly simultaneous studies have detected the same feature at five frequencies ranging from 5 to 43 GHz. The counterjet exhibits a strong low-frequency cutoff, giving this region of the source an inverted spectrum. The observations are consistent with a physical model in which the cutoff arises from free-free absorption in a volume that surrounds the core but obscures only the counterjet feature. If such a model is confirmed, very-long-baseline radio interferometry observations can then be used to probe the accretion region, outside the radio-jet, on parsec scales.
The compact nucleus of the radio source 3C 84 in NGC 1275 (New General Catalogue number) was the most complex of those originally studied by very-long-baseline (radio) interferometry (VLBI) techniques. Initial attempts to determine its structure (1) were unsuccessful. Interest in this source, the closest (z = 0.018) of the bright compact radio nuclei, remained high because of its potential to reveal structural details unattainable in weaker or more distant sources. This paper combines a review of some of the early observations that form the basis for studies of structural evolution in 3C 84 with a presentation of preliminary results from the most recent observations. These new images, the first made of this source with the Very Long Baseline Array (VLBA), reach unprecedented dynamic ranges even in preliminary form, and have revealed a number of new features.
Early VLBI Observations
Improved modeling techniques-still rudimentary by modern imaging standards-allowed Pauliny-Toth et al. (2) to obtain the first structural information on 3C 84, revealing three main emission regions aligned in the same position angle, near -9°, in which the much larger-scale structure was elongated. The northernmost region was found to be significantly more compact, a central feature was (at the time) dominant in brightness, while a more diffuse southern component exhibited a slow expansion transverse to the axis of alignment of the three emission peaks. (9) achieved a dynamic range of 4000:1, high by VLBI standards. An unanticipated discovery appeared in the image: a weak diffuse feature extended toward the north from the compact component identified as the core on the basis of morphological similarity to previous images. Despite caution about such a startling new result emerging in the first end-to-end use of a new instrument (indeed, this feature was cropped out of the image included in the formal correlator "First Science" announcement), imaging tests demonstrated that this apparent counterjet was not an artifact of the calibration or imaging processes. The ratio of the core brightness to the peak intensity of the counterjet is about 60:1, just beyond the 50:1 limit established 15 years earlier at a nearby frequency. This paper also considers the relativistic kinematics for Abbreviations: VLBI, very-long-baseline (radio) interferometry; VLBA, very-long-baseline radio array.
Proc. Natl. Acad. Sci. USA 92 (1995) 11361 various cases of the jet pattern speed and angle to the line of sight, concluding that the apparent motions in the jet, and the length ratio of the jet to counterjet, are consistent with a simple relativistic-beaming model with mildly relativistic velocities and modest angles to the line of sight.
The counterjet feature was discovered simultaneously in observations made more than 2 years earlier at 22 GHz by Vermeulen, Readhead, and Backer (10) . Comparison of the two images suggested that the counterjet feature had an inverted spectrum, unless extremely rapid variations in intensity, otherwise not seen in 3C 84, had occurred. These authors also discuss a model, considered further below, in which the inverted spectrum arises through free-free absorption occurring in a toroidal region surrounding the core, in a plane of symmetry perpendicular to the axis of the jets.
The Observations. A series of new observations of 3C 84 were undertaken, to establish the spectral dependence of the various components by obtaining simultaneous multifrequency images and to continue monitoring of structural evolution. A total of four apparitions of 3C 84 were observed by the VLBA, at a total of six frequencies, in the last 2 weeks of January 1995. All were correlated within 3-4 weeks after the observations, and only became available for analysis about a month before this colloquium. The results presented here are thus quite preliminary.
One particular area in which they are preliminary is in the overall brightness scale. While we now believe we know the appropriate amplitude scaling ("b factor") to use in calibration of VLBA measurements, the scaling of older results, using various versions of the correlator and AIPS software, has not been completely resolved. This currently frustrates any attempt to.,generate a spectral index map, and we have resorted to presenting contour plots using a uniform set of brightness levels.
We present here the images at 5, 8, 15, 22, and 43 GHz. These images span nearly a decade in frequency and represent the first nearly simultaneous spectral study of fine-scale structure in this source. To best present the structural variations over this large range of frequency, but without completely obscuring some features in the higher-frequency images, we have smoothed groups of images to a common beam size appropriate to the lowest frequency in each group.
In Fig. 1 , images at all frequencies are smoothed to a 1.2 x 1.6 milliarcsec beam, in position angle 00, approximately that for the lowest-frequency 5-GHz data set. Fig. 2 includes images at 15, 22, and 43 GHz, smoothed to a 1.04-milliarcsec circular beam appropriate to the 15-GHz data set. Fig. 3 is the 43-GHz image of the core component, restored using its own 0.16 x 0.21 milliarcsec beam, in position angle -7°. In Figs. 1 and 2 , the multiple images are plotted on a common angular scale, with the north-south alignment based on the location of the brightness peak in the central core. Spectrum and Nature of the Counterjet. The general structure of the compact source is seen to be basically the same at all frequencies below 43 GHz. The counterjet feature is plainly apparent, although weak, even in the 5-GHz image (Fig. la) , where it contains about 20 milli-Janskys (mJys; 1 Jy = 10-26 W per m2 per Hz) of integrated flux. At 8 GHz, the feature is stronger and extends much closer to the core. A similar pattern occurs at 15 GHz (Fig. lc) , where the counterjet is yet stronger, and both its peak and its outer contours are closer to the core than at 8 GHz.
The peak brightness of the counterjet in the full-resolution 15-GHz image (Fig. 2a) reaches about 2% that of the core, just at the noise level of the 1979 10.7-GHz image, the best of that early series, in which no counterjet was detected.
Comparison of the 15-GHz and 22-GHz images ( Fig. 2 a and  b) shows the counterjet to be even brighter and to extend closer to the core with a further increase in frequency. A bridge of emission between these two components is visible at 22 GHz. Finally, at 43 GHz (Fig. 2c) -2, -1, 1, 2, 2.8, 4.0, 5.7, 8.0 Additional observational evidence that extends this pattern to lower frequencies is the absence of any counterjet feature in the 1.7-GHz image published by Biretta, Bartel, and Deng (11) , although this observation is several years older than those reported in this paper.
All these comparisons show the counterjet feature to exhibit a strong low-frequency cutoff and probably an inverted spectrum over the entire decade range of frequencies. A spatial gradient leaves the cutoff stronger toward the core. These effects are all consistent with the model, proposed by Vermeulen, Readhead, and Backer (10) , that the cutoff arises from free-free absorption in an accretion disc that lies in front of the counterjet feature but is behind the main jet. Further theoretical work by Levinson, Laor, and Vermeulen (12) indicates that this model is plausible in the case of a toroidal geometry for the absorbing matter but that a spherical distribution is excluded by a combination of radio, optical, ultraviolet, and x-ray data. These authors also predict that any variations in the optical depth of the free-free absorption should be accompanied by simultaneous variations in the [O III] line flux, which cools the absorbing gas.
If such a model can be confirmed by further analysis of the observations reported herein, by new observations, or through the predicted linkage of variations in the radio absorption and optical cooling lines, it will allow VLBI observations to provide insight into the accretion region near the active nucleus, outside the high-brightness jet. Further observations should yield both the magnitude and the radial dependence of the absorption and, thus, impose strong constraints on the physical conditions on parsec scales.
The Extremely Fine-Scale Structure of the Core. The fullresolution 43-GHz image (Fig. 3) 
